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Chapter X 
Introduction 

The purpose of th&a investigation is 
threefold. Flrot, to nake static testa on 
•ubminieture tubes , collect inf as much data 
aa possible on their behavior at different 
values of heater voltage and at different 
values of piste voltspe* and to compare uni- 
formity of the same type tube nude by two 
different manufacturers • Ueooad, to stake 
dynamic teats on the same tubes in a circuit 
which almulatas thair use in an actual am- 
plifier. The purpose of these tests is to 
determine tube life* or changes in tube char- 
acteristics, under normal load and overload 
conditions* Third, to attempt to correlate 
the reaulte of the static tests with the re- 
sults of the dynamic tests and discover some 
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method by which static testing may be used 
to accurst*!? predict which tubes may fail 
under overload | or to prove that no simple 
criterion exists for such prediction* 

The Investigat Ion was sponsored by the 
Telemetering Group of Tlio Applied Thysice 
laboratory, ^ho Johns Bopkths University, 

Silver Spring, tarylaitd, which supplied the 
eubniniature tubes to be tested, approxi- 
mately 100 each of the following types? 
a) Manufacturer “g* - Type 0K4-A General 
Purpose Triodo, and b) Kanufasturar n V. v 
Typo CF.COOCX Triode. 

The general description of the teste to 
be conducted was contained in a letter to 
the suporvieor of the Telemetering Group from 
the gentlemen for whom the tests were run* 

It described the teste as follows t "The 
first phase will consist of a number of measure- 
meats of the parameters of the tubes, with 
various electrode voltaf os from normal to loss 
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than normal* The seoond phase will consist 
01' running the tubeo under varying conditions 
of overlead to determine life and types of 
failure* ?ho final report will attempt to 
correlate the predicted life with the actual 
life under overload* It will also show the 
relative Merits of the CK4«*A and the CK608". 
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Chapter II 

Honor ipt ion of t table Teats 
The static tents oMiB'ssted «> f the foi low- 
s' t>n** 

a) Kaob tuba wa r. tented for internal short 
circuits • 

li) Tubas w>»r8 operated at rated value of heat 
er voltage (6*3 volts A.C.) and Or id Bias 
volta pe (-2 volts). Plato tvoltage was sot 
auceeseively at IQQ%, QOf,, CC;i, 50$, and S3. 5# 
rated value for Kanufaet urer n y” Tubes and 
■at 100$, eS'HJi, li& v 7 / i, 60,;, SB*®?* rated value 
for y« uufaoturer ** Tubes. At each value 
of pinto volts.ro the following quantities 
were recorded i Hr id Bias Voltage, Heater v olt 
are. Mate current, ‘‘eater current, Arid 
currant , Tra na c oncuo ta no o * 

c) Tubes wars operated at rated value of 
Plate Yoltape ( lOOvolts D.C. for Harm* 
facturer M S" Tubes, 120 volts D.C. for 
Manufacturer n R." Tubes). Heater voltage 
sms not successively at 100?$, 

31 . & of rated Beater voltage (6.3 
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vo 1 1; b A* C • ) • At eaoh value of he&tar 
voltage the following quamtit lea were re- 
corded! Pint* Volta, o, Grid Mas Volt age, 
Plate Current, Member Currant, Grid Currant, 
Trfcnt3ooi.divotfei.cjo. 

Uesoription of Tub# Totting ilquipmant Used 
for Otatio Tests 

The static tests described above were 
parforned in a Havy Type OP-6 Teeter* A 
brief description of this equipment follows 
a a it appears in tha Instruction Pamphlet » 
Model OP-5 Veouu® Tub© Analysing Kqnipnent 
Supply 110-130 volts 50-60 cycles* lanufect- 
urer* Heston Electrical Instrument Corpora- 
tion* 

"In brief tho Model OP equlpatent con- 
sists of the following apparatus! A plur- 
ality of vacuum tube soefcobs designed to 
aoooTBtodate 4 pin, 6 pin, 0 pin, 7 pin* 8 
pin ninature and acorn tube boose j a trano- 
forner supplying 60 cycle power at one of 
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several stands rd filament potent ial* } patch 
oortie for connecting fllaaient power to any 
pair of socket tern Inal »j a power rectifier 
supplying filtered direct potential to • eyeter 
of potentiometer* and t henoe by way of pateh 
oortie, to any deeired socket terminals* a 
plurality of electrical iadiaatirg ineirunent* 
suitable for indicating potential* between 
socket terminals anti currents flowing through 
socket terminals , and a plurality ef vacuum 
tuba sockets interconnected with Indicatinf, 
lemps designed to indicate tho presence of 
abort circuited tube element**” 

’’The Model OP equipment moeaurn* trena- 
eonduotano* by measuring the alternating 
currant produced in the plate circuit by a 
(50 cycle air.nal applied to the grid of the 
tube under tent* The grid signal has an effec- 
tive value of one volt and id tranacorductance 
in tho ratio of the value of alternating 
plate current to the value of the alternating 
grid signal which produced it, it is evident 
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thut the instrument which nettaurad the eltar- 
n*bi ng sempesjont of pl*A* current n*j be 
tsflibr*. ted in ef iti«ronlM»i of trims** 

oouduotaneo instead of wiereanpere* of alter** 
ns ting current#* 

Figure X it • block Ale great of this test- 
er# 

For the purpeae of giving ^uailtcbive 
infsraetlea on the b«at* # it will bo n©« 08 «s>rj 
to introduce the identif ieatl n syaken wood 
cm the tubes* ■'"he tube* were it. Igxed « two 
letter «j wt«l followed by o ctuatber* The first 
lot or designate* bl e wenufaeturer •» "ft* de- 
noting i»m»f««‘ittr»r "f # end *F" denotin* hen* 
nfae surer "R"» the second let er identifies 
the lot number - there being three lobe of 
Knmtfaeturer "fJ" Tubes deeignabed *SA% **h rt , 
end “SC*", end fM.tr lets of Menefeeterer s «* 
Tehee designated M tA% "hi", *bf % end "F "# 
Table T in Appendix I identifies the tehee 
by net ttfaetnrers* lot »*ofe«ra# 

In Teblea II IKratch *1X1 <»f Appendix I 
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Block Diagram rAoocL od 'Tester 




Figure 1 
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are tabulated values of Plata Currant, Trane- 
conductance, and Plato Resistance for each 
tube for 100*2 Plata VoltafM and heater Volt- 
age* Plato rosietanoea war* computed by tbo 

fortmla r = aK j>lat a k 1000 wh „ r# 

Ajplata 

vag - 20 volte in each case (1* a. 100 to 
80 volte for Penufaeturer "S* Tuboa and 120 
to 100 volte for Manufacturer # R" Tubes), 

Iplate was in milliamperes, 

While a value ofASplata of 20 volte 
nay seen too larpe an inoronent to take in 
c output up, plate resistances, it will be soon 
from the Charaotar iatio CurvoB (Plates I 
through VII) that tha slope of the curve* 
from 100 to SO volts In the eetse of Panufaet- 
urer ”0” ”ub«s, end fron 120 to 100 volte in 
the ease of ? ? anufaoturer "R” Tubes is sub- 
stantially a constant value. This belr.f, the 
case the twenty volt increment became a reason- 
able one to take since it eliminated an extra 
voltage reading or. eaoh tube* 
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The manufacturer* give the following as 
"Typical Operating Conditiono" for the Type 
6K4-A and CK608CX Tubes t 



Manufacturer ”f’ n Type 6E4-A Tubes 



Heater Voltage 


C.3 


6.5 


Volts 


Heater Current 


150 


150 


Ma 


Plata Voltage 


100 


200 


Volte 


Grid Bias Voltage 


-2 


—8 


Volta 


Plate Current 


13.0 


11.5 


Ma 


Amplification Factor 


20 


16 




Plate Resistance 


5640 


4650 


Ohme 


Grid Voltage for 
Plate current cut- 
off to 10 anp. 


-14 


-30 


Volte 


Trane conduct a nee 


5500 


3450 


Micromhoe 


Manufacturer "R ” 


Type CKG08CX Tubee 


Heater Voltage 


6.3 


Volte 




Heater Current 


200 


Ma 




Plate Voltage 


120 


Volte 




Grid Bias Voltage 


-2 


Volte 




Plate Current 


9.0 


Ma * 




Trans conductance 


6000 


Micromhoe 


Amplification Factor 28 

* Manufacturer's Curve Plots this 

-10- 


as 8.3 Ma. 
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A o o paricon of the aver* • values of I 

plate end fj K with the Manufacturer * s Typical 

Operating Values is given in the following 

table (rp is not included here because 

Manufacturer M R M Tub# Characteristic Cheat 

quotes no value of r p)* 

Manufacturers Actual biff* 

Typical Ip average Ip 
nillienps willlarepa __» -- 

Ver.ufaetnror 



"S" Tubes 


16.0 


11*2 


-1.8 




13*0 


16.6 


+2.6 




13.0 


11*3 


-1.7 


Manufacturer 


"R” Tubes 


9.0 


11.7 


*2.7 




9*0 


11.0 


*2.0 




0*0 


9.0 


0.0 
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Kanufac • 

Typioal 

mioronho 


Actual 

{»» average 

g nicronho 


biff. 


Manufacturer 










w 3" Sub es 


6600 


366 5 




-1606 




5000 


4320 




-1180 




6500 


3675 




-1C25 


Manufacturer 










M R H Tube* 


0000 


41 50 




- 0 50 




5000 


3900 




-1010 




6000 


3660 




-1340 


In the next table 


below the 


*v© ra&n vfvr- 


ietiono from 


the mean ■ 


values of Plato 


current 


plate resistance, and 


transconduotanoe are 


given* 










I 


plate rp 


g K Number 


good 


Manufacturer 




tubes 


in lot 


"S" Tubes i 


.77 470 


312 


~IT 




1 


.44 216 


.2 214.7 


33 




1 


.66 400 


292 


£1 








Total 


98 




* 

Manufacturer 










"tt" Tubes 


.68 816 


22C.5 


9 




1 


•01 444 


215 


26 




1 


•83 892 


281 


23 
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Manufacturer 


lsO*lUL £ 2 . £n 


Munber Rood 

tubes in lot 


"R* Tuboa 


*72 266 19 S 


1 




Total 


98 




number bad 


% Rood 


Manufacturer 


tubes in lot 


tubes 


"S" Tube* 





97.1 1 




2 


94*5 




4 


88.6 


Total 


T 




Manufacturer 


"R" Tubes 


1 


90 




0 


100 




1 


9 C 




0 


100 


Total 


2 




It will 


be observed that 


of 106 ”S M 


Tubes tested, 90 were Rood - 


percenters 


925.4$ while 


for 100 *'R M Tubes 


tested, 98 


were good - 


percenters 98* 





Welp.hted value of average variation 
from naan value of tpi 6 te Is oonputod in 
Table IX of Appendix !• 
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Similar computations Riva tha follow- 
ing w*i*hted-in valuation® from mean value 
of f, n * nd r p . 

WoiRhtod TToi^hted Wei*;htad 
v»r. of f >w var, of var, of 

r p X pl«t« 

Hanu faoturer 

"S" Tube* 272.5 320, 5 1,691 

Manufacturer 

"R" Tube* 223,0 501.0 ,963 

Tha result* above lead to the conclu- 
sion that Manufacturer H R" CKtiOGCX Tub* is 
more uniform in atatlo characteristics from 
tube to tub* than is tho Manufacturer "S" 
6K4-A Tuba, It is realised that tho com- 
parison Riven in the throe tables above is 
not a neasure of the relative merit* of the 
tubes on an absolute basis. It does demon- 
strate clearly, however, that the manufactur- 
er s of the H R W tube* are apt to overrate 
their tube® nore than tho manufacturer* of 
the "ft" Tubes. 

The tnboa which were classified as bad 



14 



• * '• f -OD 



■ • • 1 *r * 0 i ' ) I»« 



^ Xa a 



•*0 , • lO , T#- „i **• %*«** 




IS HI? V* » - A- 



I ™ » I 



. 



' - r 



•»••• / # ' uo •> 



l. ' . * 



'*£ 



MU 






-uX*r,. • * « • ; A " 

* t ocful xnr<i\r« M r *' •• -<• 

-• T*» » r ■ ' ‘ ' -•*» ifl c ti • r n i,- 



• * • .. 1 / 



o.*j *:*»«•/• '<-«*».«« ; •»’ 

•• » •• • ' J‘ ,«ii. «• jjtoa a ■-». ,10 •Ad" 

»v« . • , . 

»'«i >* r . .. a* • - j* mdi 1c • *>* 

''•> %*t* - n • ».* *« }• 14 



IM •• MtlllAfi ••«’»/ of? 






J A-tfi 



r< ■ ■* % I'.'i-ho-i 



«»<{.'“ " V • **>“ 






tubes showed the following faults on being 
tested t 

Tubes 8A-28, Sf-10, CC-8 indicated no 
internal short circuit®, but each drew large 
oxoooc heater ourront at rated value of heat- 
er voltage* 

Tubes S3-S5, SC-12, RC-21 drew five per- 
cent or less of rated value of plato current 
at rated value of plate voltage* 

Tube SC-16 indicated several internal 
short circuits, and drew large excess heater 
current at rated value of heater voltage* 

Tube GC-29 drew approximately 60 f, ex- 
cess hsater currant at rated value of heator 
voltage* The plate current was approximately 
two percent of rated value at ratod valuo of 
plate voltage* 

Tube RA-7 indicated an internal short 
circuit from the grid to the heator* It 
drew a large grid ourront when the grid bi^s 
voltage was applied* 



16 



« U '■* »lf -•nroivt »•**</ 

«MfUl 

0 '9*1 *»• f. / . .1* a f*.- ->#«/» ( 

- . . - A1 ? 0 •«:<" ’•«»*••< B B* r • • 

. «t . , * . (!) i - " ,sx-^a , - *•» «' 

» n • *<**f > ■ • X**» fc«*A*I '» BBS •*« *•.#* 

-»I V c>.»Xq . c • X*' ••- ' •*: ? • 

i A*' - -a * - 

*»««'.» ^ #J •• 1 1* '.*i* ,»<; * r'tci.; 

v *t».- : <f A 

• • !<■ (I». * bc it* . *•• - * 1 - »k. u* 

. *•••' . * i • • '* 4 0 ♦i'II'Ii *• »«.< 

.•«.« vi o*«Iy •>ii .•.!««> I a 
.'i r «* *i 

I »*■ • • aI- 

.hi. ,«.n*n! n » . * v ~ ’ • 

* .»*I“ 

j0>tJ M\| .*.•»» * uXt* I* ( ’ *X • W»V 

• i X » B(* A^XO 



•<x« 



Comparison of Plate Characteristics of 
Kanufaoturer w l» n and hanufacturor *fi M Tubee 
I'ron the teste on tho OB Tester, 

it i« possible to plot Plato Charactorist io 
Curves for a prid bias of -2 volte* A plot 
of tho average Plato Characteristic fer each 
tube lot, the Manufacturore Plata Charaotoris- 
tio, and tho characterietio of the hiph and 
low tube in each lot has boon made on Plates 
1 through VII which follow* 



V 
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KxaunluAtlon of th® curves in Plct®s I 



through VIZ shows two important points about 
th® tubes* first, the average eharaot®ris- 
tio curve for th® Kanufacturor "R n Tubes is 
in each oasn higher than the J'anufaetwrers 
Curve* In the case o? the Manufacturer *f>" 
Tubes in two ease® out of three, it is lower 
than the Manufacturer *s otirve# Seoondly, th® 
spread between high and low tube in a lot in 
greatest for Manufacturer "S" Tubes hot ?.A* 

Ono interesting point in connection 
with the static tests was the appoaraxxco in 
nosxe tubes of snail grid currents of the 
order of 100 to 700 xnicroanps when heator volt- 
age was «ot at 6*5 volts and no grid bias nor 
plate supply voltage was applied* This grid 
current was present in approximately 40fl 
of the tubes of each nauufacturo* The tubes 
in whioh this grid current appeared tested in 
general above the average values of plate 
current and transoonduct&nce* For example 
in one lot this grid current appeared in 10 
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f?r these 



of 55 tubes* The uvartfi# Opiate 
10 tubes wae 12*9 k.»* compared vith an 
kvor*j;o valuo of 11*5 n.a* for the entire 
lot* The average Em for thee* some 10 tubes 
was 4150 jnicronhoR compared to 3675 xnicronhoe 
for the entire lot* 

Tubes in whioh the (;rid current appear* 
probably have cathodes of hotter tmieeion 
character iatica than those of the tubes in 
which this current doe* not appear. 
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CHAP?Kn II T 



DXSCRIPTIOH OF DYIAIttC T^Tg 



The dynamic testa were made to s inula te 
the performance of in amplifier tube in c very 
high frequency F«H transciitter • A circuit 
diagram of the transmitter if given a« Figure 
2* Specifications for the transmitter are 
as follows i 

R«F* Output Xapadanoa 51*6 ohms 

Tuning Range 200 no to 227 me* 

Nominal Power Output 0#6 watt 

Typical Operation* 

Plate Supply Voltage 
Plate Current 
Heater Current 
Power Output (61*6 ohis) 0*5 wett o*R watt 
To reproduce exactly the conditions 
which exist in the amplifier of this trans- 
mitter* it would be neonmry to ’>uild the 
complete unit according to specification# 
taking necessary precautions to shield the 



130 V.h.C. 11 S Y.P.C. 

4S n« 35 r.a 

0*45 a«p* 0*45 asp* 
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various stages , uio leads to tubes as short 
as jjosaiblo, and observe strictly all ordin- 
ary precautions to eliminate stray capaci- 
tances* This procedure would permit the test- 
inn of only °h° amplifier tube et a time* 

It would also be necessary to solder the leads 
of each tube in place for test, as there are 
no baac pins or tube sockets for this type 
tube* 

In view of the above stated conditions, 
and because it was desired to run normal 
load and particularly overload tests on as 
many tubes as possible, a simulator circuit 
us inf* low frequency input was decided upon* 

The advantages of such ft circuit from the 
testing point of view ere menyt a) Use 
of shielding in the chassis io not nooessery* 
b) Several tubes can he tested simultaneous- 
ly. e) Tubes can be mounted in tube socket 
edapters which are easily removable end In 
which tubes can be quickly lnsortod without 
soldering* 
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The siriulafcor circ-.lt used is believed 



to bo cs close an approximation to the actual 
oiro< it as can be had using low frequency* 

The power output* of the tube* in the oimulb- 
tor circuit can be adjusted to value* reaion- 
ably close to the output obtained on test of 
tho transmitter* depending on the uniformity 
of the ten tubos being tested* 

Admittedly the simulator circuit is an 
alternative method of testing because it is 
generally accepted that the only real teat 
of how a particular tube will porforti in a 
particular circuit is its performance in that 
circuit* ’?hcri tho tine requirements for toot 
inn in the actual circuit are considered* how 
ever* it is apparent that if nor* than a 
"handful** of tuba# are to be tested singly an 
enornouo amount of time would be required* 

The nine twenty hour teats described below 
would have required 1600 hours running time 
had the tubes boon tested singly* 
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'rha circuit used to sinulate the opera- 
tion of tha amplifier in the VHF Transmitter 
is ahown in Figure 3, Originally a signal 
input frequency of GO cycles por second tma 
to bo used* The inpndsnce of the tost cir- 
cuit was so low, however , that a capacitor 
of approximately 100 mfd» would have bean 
raquirod across th# power supply output to 
make tha impedance of this capacitor small 
conjmrad to the tost oircult irpodaneo, A 
signal frequency of 1000 cycles per second 
wee therefore used, which was amplified be- 
fore being applied to the tact circuit* 

As will be seen from the circuit 
diagram, the ten tubes to be tested were 
connected in parallel as separata amplifier 

/ 

tubas using common plate supply voltage and 
i a p :<t signal sources* ?h# cathode resistors 
war® ©vatic 220 ohms, the same value used in 
the original circuit* The by-pass capacitors 
across the eathode resistors ware made 60 
nfd* to assure adequate by-passing of alter- 
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anting current at low frequency* The value 
of the loud raaietora vat chosen oc S000 
ohms to be of tha ««»• order of magnitude 
at the plate reaietanoe of the tubes, which 
is listad as 3640 ohms for the 6K4-A Tuba 
at 100 volts plate voltar* and -2 volte grid 
bias. 

It will be aeon from tha circuit die- 
gran that tha cathodes of the tubee boing 
tasted wore not grounded, but wore connected 
to the minus side of the plato power supply* 

The nignal voltage at 1000 cycles per second 
was applied at the same point, as the minus 
side of /the power supply* This connection 
laokea the minus side of the power supply 
above ground potential by the amount of tha 
signal voltage} but in view of the small 
value of signal voltare used (6*2 volte r*m*s* 
maximum) , this la of no consequence. 

The first tests wore of twenty hours dura- 
tion* Twenty hours intermittent operation wac 
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considered, by Applied I'hysios Laboratory, 
to bo satisfactory life for the transmitter 
in which the tubes are used. 

Measurement* were nade in the following 
Banner t a) Plate supply voltage was ricaaur- 
ed by a voltmeter on the power supply which 
was corrected by <- owpar ieon with the reading 
of a iteeton 1000 ohms por volt laboratory 
type motor placed anroBH the output torn’.nals 
of the power supply, b) Total pinto current 
was measured by a P,0* mill iarmeter in the 
output circuit of the plate power supply, 
o) Orid current was measured by a I),C, 
milliamiaoter of 0 • 10 m,a* rango which was 
placed in th© grid circuit of eaoh tube cue- 
cosaively by means of a phono plop, inserted 
in a short inp, .jack. This sister was shunted 
by a 8 nfd, capacitor* d) Output power 
was measured by weans of Cathode Hay Oacilio* 
graph, Thy vortical deflection plates of the 
osoillosoopc were connected dlreotly from, the 
positive side of the plate power supply to 
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the plate of the tub* whose power was beinf, 
measured* This conn«eUon p.ave a. tr#c# on 
the oacilloaoope of the volte* e existing terosi 
the load reeistor of the tube* This voltapo 
trace waa plotted on oroaa nootion paper amt 
fron the plot the power wee calculated* A 
aanple plot is pivon aa Plata VIII and a 
oarplo power calculation frost thla plot Is 
In Table XI of Appendix I. 

Plates VIII - A , and VI71 - B ara plots 
of tho prid and plate voltage traces of the 
llanufnoturer W S* and hanufaoturer "R" Tubea 
respectively* These plots wore xiade for the 
sexjrio plate supply and ol?:nal voltaren on each 
tube* They represent typical operation of 
the tu 1 «e in the ainulator. 

Plata VIII - C is a plot of f.rid bias 
volta ,e versus plate current for tubes SE-2? 
and PR-12 at E Xftta s 127, 100, CO volte. 

Tho dynastic operation lines for each tuba are 
drawn on tJ is plot for conditions of operation 
shown in Plate® VIII A and P* 
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Plates VIII P and F! am predicted plate 
voltage curve* us inn the dynanie oharacterin 
tioo of Plata VIII C and the grid voltage 
ourvon of Plates VIII A and B* The aotual 
curves obtained are plotted on the same 
sheet* Dashed portions of each ourva are th 
extrapolated portions# The largo difference 
between the curves at low values of plate 
voltage is caused by the faat that the grid 
is positive in this region and no data is 
available fron curves of Mate VIII C on 
plat# current for positive grid voltage# 

The oscilloscope calibration of 4#9 
volt# per anall scale division (45 volts 
per inch deflection) wae obtained in the 
following E^ennor* a) A D#C# voltage of 
known value was pieced directly on the vorti 
col deflection plates of the oscilloscope, 
(Dumont Type 208 -P Cathode T*ay Oscillograph) 
The deflection wnc found to be 10 snail 
divisions (1 inch) per 40 volts D#C# b) An 
A.C# Volta* a fron an audio oooillator wMeh 
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measured 16 volt* r.m.e. was placed on the 

vertical deflection platen after the D.C. 

signal wfi h rowoved. The deflection ! or th s 

signal was 6 small divisions poak to peak, or 

4.6 divisions peak value. Peak value of 16 

volt r.m.ts* signal e 15 * 'T"e" c 21.2 volts 

21.2 volts s 4.7 volts/divlslon 
•i.b uiviaiono 

It vt®k decided that 4.0 volte / division 
wee a euff ieiently accurate value and this value 
was used. 

Actual Procedure Used for Teats 

the procedure of testing in the cim.uUi- 
inp, circuit shown in Figure o was as follows t 

a) Ten tubes wore tested s iiaultanoously (un- 
less there were not ten good tubes in one lot,. 

b) Plate supply voltage was adjusted whenever 
it was observed to have drifted from the de- 
sired valuo for the particular test. The plate 
voltage used for each test wee determined by 
the "cut and try” method to obtain the pewer 
output deairoti with fx reasonable value > 
signal volte re applied. The power output 
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w&s oorr> ated from & ireat observation of tho 
output voltage wave shape on the oso illoocope , 
as previously mentioned* Since the vavo shape 
was made up of plat* and signal volte a eow- 
pououts essentially , and «it ce a grid current 
net in excess of T* »#c>, per tube wee de- 
sired, it van not difficult to ©bta in a «or.- 
blnation of signal and plate voltage which 
gave the desired powor output* On the first 
tost run with tfanufaoturar ”S H Tubes the 
plate supply voltage was set at 130 V* be- 
cause this was the value given for the trans- 
mitter amplifier tubo* The signal volte ge 
was then adjusted to give an output approxi- 
mately equal to tho average value obtained on 
tosts of tho transmitter* In subsequent test* 
tho plate voltage and signal voltage were in- 
creased to obtain tho increased power desired* 
0 ; The signal voltage waa set initially sue 
after each shut down* The shut down* were at 
approximately SO minute intervals throughout 
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d) The total plats supply current wkb r«- 
corded before each shutdown w5 th signal volt- 
age on end after each shutdown before the tig 
nal voltage war. turner, on a.- a in. 

•) The grid ourr ant wue recorded and average 
approxira t*).y each hour during the 20 hour 
testa. 

f) On the firat few testa, before it vm 
known how long the tubes would lest, static 
teste were run after about 10 hours operation 
This was discontinued when it was seen to be 
no lonrer necessary, and only one ststic test 
at the end of 20 hours of operation woe wade, 
t, / Tho shutdowns consisted of turning, off 
all voltagec on the tubes, allowing heater 
filassonte to lose their visible flow and then 
again applying tube heater, plate, and signal 
voltages in that order. 

h) have shape was observed several times dur 
ing each tast on two or three tubes for the 
first tests and later on all tubas. 
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Poeoriptlon of Individual Teats 

Test 1 • 20 hour*. Average Power £ 0#S 
watt/tube# Tubes - SAi-SAlO# (These tubes 
had been operated under varying conditions 
for several hours prior to test in setting 
up the test circuit)# 

Tube SA-10 failed aftor SO minute# 
operation# The failure was noted by the 
sharp drop in plate supply voltage# and a 
sharp rine in total plate current. When 
this tube w sb placed in the tester# its 
neater circuit drew only about one third 
normal current# plate voltage would not 
build up# plate current rose tiuiclcly to many 
tines its normal value as plate voltage was 
applied and ite indicated trfcnsoonduciatice 
was almost xero# 

Summary of data taken in connect ion with tost % 
Before Teat After Test Change 

Average Plate 

Current 10#S »#a# £#9 m#a# **1#4 m#a. 



45 



1 



i i*31 L±*"Zl±*l *1 ML WW22 



'.tf I' I44HTI4 ««toa4 >» • 



%• **t I . di~lk+ - «»j<: »4 *>»’•.<* a* 



•e 4 life- ft T»Oud 4t»4 A«.l 



•< ml Vl 10^1 •«<<•« l»1 



••#»•*« ae fill *!•*» •4#* 

III \4 MV •#» 



Hl|«* M« IV -M (IM MM l|4Mll MM« 
/•• kf«»» *m/t f»r»*e 

\*« • «» (lrf«*j •*•*< #a»T«u» 
l*v mil « f«*l^ M M ** 1 41M 111 *»«il 
M M«llM| 41 U4 Dv/^ 




• (llmill !••# *41 v 



A It A ,IJ4li>r |il|« 9ll(< «l |« »» P*<l 




r#J 4 .»l«ll 1/4 li UMil AM v/4| IMI 






• •. tv 



ISSi I'll M'V/aMi li. •£•£ V ^!*222l£ 



• J1MI *«? 1M1* »M< •MlAl 









• 4*4 *•!• iM M 



• A« A A .91 



A«*f1 Mtt»4 



I44T1I' 4 




Pot or* Test 



Attar Tost 



Change 



/ ’.'or* go "r«n«- 
oonductauee 
54GO niorcmhos 

ITaxiamn Chor.ro 

in Plate ourrsat 
due to tost 

Faxirtun Change In 
TransoonGuctanoe claa 
to toot -2B0 Rioronhos 

Average grid current 
during tosti 0.2B sue* 

Plata Supply Voltage 145 V# for 10 hour a | 150 
V* for lO'kouraj Average Signal voltage 4»83 T« 
(r.M.s,)* 

iUmrksi Failure of Tube SA-10 attributed to 
use prior to this toot. 

Teat 2 - 20 hours. Average Power £ 0.81 
watt/tnbe. Tubes - SWl-sntO* failures 

occurred during test. 

S urma ry of data tab on in connect ion with t eat t 
Before Teat Af tor y est Chang e 

Average Plate 

Current 15.5 n *n . 12.0 n •& . *5.S 

Average Trans* 

conductance 4293 nicronhos SOBS ni- -408 

cronhoB 



3520 ti i «ro«hoe *14.0 



*1.6 n.a. 
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Kaxinum C h r n p « in i.rcr.sc :>nr urtatfn due 

to tost -GGQ 

Average grid current during test 0.255 m.a. 
Plate Supply Voltage 130 v« Average signal 
Yalta ge 4*27 V, (r.ri.a.) 

Test 3 - 20 hours. Average Power s 1.12 
watta/tuha. Tubes SB11-SB16, SB20. SB21. 

X« failures occured during test* 

Sutanary of data taken in connect ion with tea t 
Before Vast After Test Chang e 

Average Piste 

Current 16.1 w.c. 10.4 m.a. -5.7 

Average Trana- 

ocnductance 4371 micronhos 3063 sii- -1318 

oroBihon 

Vaxiraun Chenge in Plate Current duo to teat 

-8 • 9 n.a. 

Paxinun Change in Traasconduc feattce duo to 
teat -1000 riierorihoa 

Average grid current during feast 0.146 n.a. 
Plato supply voltaga 166,170,100 V* Aver- 
age Signal voltago 6.04V (r.’n.s.) 
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Test 4-20 hour# 



Average Fewer £ 1*6 



watts/tubo* Tubes SC-2-f> C7, SCi, SG10, SC 11, 
8C13* Wo failures occurred during toot* 

Tub® f>Cl felled to operate when test was 
started • Thie tube tested perfectly on 
static test and had not been used between 
statio and dyiumic tostu* 

5 unwary of gata taken in connection w ith tes t t 
Before Test After Test Chang e 

Average ^late 

Current 11.7 »*a* 6*8 sue, -5,2 

Average Trant- 

eordu stance 3Bt>9 Miorowhos 3447 r>i- -1452 

orenho# 

laaxiMUw Change in Plate Current due to test 

-7*5 a*a. 

ifmximm Change in Transoonduetanee due to 
test -1980 nioronhoo 

Average grid current during test 0*100 m*o* 
Plate eupply volts; e 200 V* Average Signal 
Voltage 0*24 V* (r .**#•) 
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? o a t 5-20 hours. Average Power £ 1*6 



watts/tube. Tubes RAll-f AtO . !fo failure# 
occurred during boat* 

R umia ry of d b t r. taben in oonnoctlon wi tjh tos t t 
Before Tost A fter Test Change 

/;v«r»h* Plate 

Current 10*9 jn.&. 7*51 m*a. -3*66 

Average Trane- 

eonduotanco 3572 mi- 2624 nl« -9 45 

erimhos croahoi 

Maximum Change in plate current due to test 

- 6.2 

Maximum Change in Trans conducts, no# duo to 
tost -1440 nioromhoB 

Average grid current during teat 0*25S »*«.. 
Plate Supply Voltage 200 V* Average Signal 
Voltage G.G2 V# (r*5?*s.) 

Tost 6 - 20 hours. Average Power ~ 0.60 
weth/tube. Tubes 11A-1-BAC* BAR, F.A-9, *AlO. 

Wo failures occurred during test. 
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Before Teat After feet Chang e 



Average Plate 
C urrent 


11.7 


t XO 


• 9 5 n * a • 


-.75 


Average Trans 




• 






conductance 


4150 


nicroahog 


3920 mi- 


-2 30 



oroahos 



KkxIkub Change in 1‘late Current i>ue to test 
-2.8 ia.a* 

Uaxinuti change in Transconductanee due to 
teat -530 nlorochoe 

Average grid current during test 0*611 m.a. 
Plate Supply Volta< e 135V* Average Signal 
Voltage 4*87 V* (r*ra*e*) 

Remarks: On some tubes the output nave 

showed distortion in addition to the usual 
flat portions* The tuboB in whioh this dis- 
tortion appearod however, wore no different 
in static characteriat ico from tho other 
tubos • 

Test 7 - 80 hours, average Power ■* 1*2 
watts/tube. Tubes RB1-RR10* T?o failures 
occurred during test. 
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SuEunary of da ta taken in connect loti with tes t t 
before Teat After ™e>»t Chang e 

Average Plate 

Current 10*66 r.*a* 11*16 rue* to* BO 

Average Trans- 

oonduotanee 3SS2 250 63 -IIP 

T'axiiRttsi Change in Plate Current due to test 
$2.7 w. a. 

J'axiwun Change in Transoonduotartoo due to 

test -340 taierorthoa 

Average grid current during test 0.20S r*». 
Plat© Supply Voltage 200V. Ax'erago Signal 
Voltage 6.09 V* (r.rt.s.) 

Remark* : Output wave on acre tubes showed 

considerable jitter* in amplitude (see 
ibotegrarh #3). The naxlnun amplitude of 
the r» v 9 was not clearly defined but cover- 
ed throe or four snail division® on the 
Cathode Ray Tub© scale. The tubes in which 
this w» r observed (showed no differences r*n 
static tost from th© other tules. 
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Teet 6 



20 hours* 



/ ver»f* Power * 1*50 



watta/tuba. Tuba® PC1-RC10* >io failure* 
occur rad durinn test* 

Surnory of* data taken in connection with test* 
r «fore feat After Teat Chanp e 



Average Plete 

Current G,CE «*a * i*50 n*A* +0*62 

Average Trans- 

conductanee 3626 ni.~ 3531 mi- -9 5 

oromhos cronhoa 

k'axlnun Change in Plato current duo to teat 



♦6*0 m • a • 



Maxinun fhenga in Tranrsoonduetance due to 
test -000 nicromhoti 

A^erap,® *;rld currant during tost 0*326 *«* • 
Plato "apply Volto.-o 235 V, Average Slt.nal 
Volta.,® 6*25 V# (r*u*s*) 

Renarks i Sena as for Tost 7* 

"eat 9 - 20 hours* Avar* ft a Power A 1*40 
watta/tttba* Tubes T,,, 11-T:C20* Po failuree 
occurred dnrinr test. 
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ftupurvar y of date take n In connection with bas t t 
before Tes t ) fter Tost Chand a 



Average T’lat# 
Currant 


P # (? / » & • 


-f,S5 n*a* 


-0*58 


Average Trane- 

oonduotanoe 5534 nl- 


8457 j»i- 


-9 7 




croahos 


eromhoa 





Maximum Change la 'S’ranaconduatanoe dua to 
test -500 nierosshos 

Average grid current during test 0*536 n*a* 
Plata Supply Volta pa 235 V » Average Signal 
Voltage 6.28 V* (r*n*3*) 

A comparison of the changes of fcuho 
parameters with ues can ha quickly obtained 
by reference to the table below* The first 
tout taad o on Kanufae fcuror "S M Tubes has born 
onitted because of the use of those tubes 
prior to testing* 
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Photographs 


which follow aro typical 



output: voltage wave forms on the o«« illoseope 
for different tubas# 
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Manufacturer "P" Tubo 
output Toltar* bBvo, illus- 
trating "noise” or n ^it*ar 
appearing on seme Manufacturer 
»*pM "u'bos - 'ofcctcgraph 3* 
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Vpon c tipletion the -’'.no t««ts des- 
cribed shove, it wae decided that sufficient 
desift had been obtained on t v o o) orfc tine 
capabilities oi* the tubas. fupolemintery 
tests vrero run to determine bow long; tubes 
would operate before f&ilinr completely* or 
if this Vffts not possible, due to excessive 
t'»o recuiresaont s , whet comparative change* 
in tube characteristics and power output 
would occur due to opei'fition* Testa Four 
end fine were continued with tho sane tubas 
op ore ti iif, at the sane plate fend signal volt- 
*»$«« until each sot oi' tubes had operated for 
60 hours. m h« tubes were operated contin- 
uously for periods of about night hours with 
no shutdowns until the 60 hours operation 
vms completed. The following, results woro 
obtained from those tests t 

a) JTo failures occurred on either Fauu- 
facturer "3 ! ‘ or Venufacturer M R CI Tubos. 

b) The total changes in parameters for the 
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60 hour teats worn ae tabulated below 



Average f^nrarn /rerape 

A r, » 

hra. be. ''or* 
teat 




Avar «i£ o 
A Opiate 



!.'anufact~ 
uror ”8” 

Tubes f,C2- 
7,9,10,11, 

13 266V 8805 -1282 -5, OS 

I'anufact- 
uror *H." 

Tubes HCll 

- SO . S5t« 3584 - 6 4-0,40 

nleronhos 

Opiate ’» willtsKpa 

e) Tubes SP4 end *irl3 respectively wore the 
low tubas In pow*r output during the twenty 
hour teats* During 52 hvurs operation Tube 
5C-4 power output dropped 22fU bur inf: 35 
hours sperst ' on Tube THIS power output did 
not change* 



Hi nee there wore no failures on e'ltl-er 
mxiufacturer * a tubus due to the Pynanie Tests, 
it cannot definitely bo stated that Pant* fact- 
urer ”£ M Tubee will outlast Manufacturer *&*" 
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Tubos. It flieas definitely rravett v o wevor 
fehut tbo oi.»rfc.oteriiitic« of h<M.uf» o tur or "! 3 
Tubes change less T. r lth operation under nor** 
nel p r.d overload conditions then do the 
oharaotnriat loa of I'nnufr ctii rer """ Tubes. 
Thin change In ohar' cUr • stic* result* In 
the loss of power output obKorvod in 
factursr ”S W Tubos. 
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A j'VT.p rOP.FJn.ATH.*> BirrVEuH AT/ 1 TIC TKSTS 
A'fp ?npr riTA ft >'**r T SV7C fJ "TJT-TWO LTFK 

As was utatad in the introduction, one 
of the purposes of the tests was to predict 
tube life under dynamic conditions from 
measurements mad© in a stetio tester. The 
following attempts at correlation were made. 
It 1c important to note that on the twenty 
hour teste tf fifty Fanufacturer "S" and forty 
itanufaeturer W F. " Tubes, there w»* bat one 
failure. This failure occurred after i/2 
hour on a tube which prior to the actual teat 
had boon operated several houre at many dif- 
ferent vcXtaros in the simulator while the 
simulator was bain r set up. Because there 
waa only one failure *nn this w&e on a tube 
whoso g R was only 1700 micros hos at fcha be- 
ginning of tha test, as corpared to S700 
isieronhos average for the lot from which it 
was taken, the failure cannot be attributed 
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to the operation during the test poriod, 

.’lino* there ware no failure* of norn* 1 
tubes, the best naethod of Koasurirtg useful life 
left in the tubes after test is to measure 
their tranacouduotanoe • In the following 
attempts at correlation, this criterion was 
used* 

The change in traneconductance between 
normal plat© voltage and nercal plate voltage 
less 20 volts was computed l'ron static tests* 
This uhauge was compared with the final value 
of transeonducta rce • Tho results showed no 
apparent correlation between change in 
and final value of p B aa will be aeen by re- 
ferrinr to the tables below which are for 
tubcic used in two aeperafce teate* 
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miorosuho 


Pinal f« 
Hieromho 


A r» for 

lower e 
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3200 


-825 
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other tubas of each typo #lt?o failed to show 

any eor'-nlet 5 -OTx between change in and final 

* 

value of g B1 . 

The next change investigated for 
pceeible relation to the final value of p.r. 
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was the change in tra na conduct a no e for a 
reduction in heater voltage from 6,3 to 4,0 
volts. The percentage chsnt'e in at 4,0 
volts w« e computed, arid this was plotted 
against original r, n for several of the tubes 
Of both nnnufacture that had been tested 
dynamic all}' • It was thought possible that 

with sueh » plot one would ho 8 bio to eoloct 

* 

quickly desirable tubes whiol h«d high r_, 
and ssjsII change in g n for change in heater 
voltage* The data frow which two such plots 
w»re nfcde appears in Table I of Appendix I r 
together with the predictions on the relative 
values of tr* ns conductance at the end of 
twenty hours operation, 75® tufc# which it 
was predicted would have highest value of g„ s 
at the end of twenty hours operation was celled 
1st, the tube predicted to have next hifhaet 
value !!nci and bo forth. These predictions were 
nftdc by using th<j plota of Plates IX end X, 

At the earn t imo predictions wore made or the 
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basis of original value of g rt alono. Tho 
•rrors in predicting the relative values of 



K r after twenty hours operat on by uao of the 
plot and by use of the original value of " n 



are Riven below for two groups of ten tubes 

each. 



Tube Error in relative Error in relative 
gs. after operation £ R after operation 
using criminal f >B using , lot to 
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Tub# Krror in relative I'rror in relative 
ft f ter operation g m after operation 
us ! n>; original »" n using plot to 
to predict predict 
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The results of four wore teste of 



twenty hours each wore used to nake identi- 
cal calculations. The reputations will not 



ho 


eh own here but the results wore* 
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relative after 
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The results of too six tests stow that 
the avj •• "a or ‘or in relative after t -st 
is usually less ir- using the original value 
of g^, to nr xiict value .iftnr tost, these re- 
sults preclude the use of t is plot as tubes 
th«t **tart life with nigh usually sohtinua 
to have Jiigh relative to tubes starting life 
with ie 5^. 



Th© next quantity invastigat d for its 

effect bn tub') life was plate resistance* 

Values of r vto eoasoute... at rated heater 
? 

volta^re anu at h ,0 volts heater voltage. The 
change in plate voitaw in eacu cas* was 2Q volt 
(iOvUlts of thase ccsrputati ns ar > given 
in Table II of Appendix II for ton &ariufecturer 
and nine iltnuf acturcr * 11 * Tubes. The Arp 
is airply change in for a chan to of -2.3 volts 
heater volt ago. 

There appears to be no correlation between 
and final value of ^ nor between a ^ and 
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’fo further attempts were ntue to 
oorraUte the I’osults of r, tjatio Tests with 
tub* a Aura a burin uice aui*ing life. A search 
of available literature failed to disclose 
may 1 nfornn tion as to what attempts had 
been made by others to perform suoh a 
eorralatton aside fr on making the usual 
m*asur<*.n©jitfc in a taster of Plate Currant, 
i late F.esietanee , and Transoonduot&noe at 
rated values of Plate and Heater \ r olt«f«* 
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Chapter V 
Conclusions 



On the batsir. cf static beets, '*nu« 
faoturer ’T” Tubes are more uniform in oher- 
eeteri etics then -'anufaoiurer ”3" Tubes* Vx >* 
Tubas show fewer percentages of bah tubes 
from a random selection* Their parameters 

are more mearly ’Aha t their manttf* . « turer s 

1 

pive as typical parameters* 

The av8r#t;« value of trensconductence , 
which is usually considered the best criterion 
of design proficiency of a tube, was preeter 
for DO 1'anufacturer "R” Tubas then for ar. 
equal nnnbor of I’anufac turer "0” Tubes* 

On the buaie of dyz*aB;ic tests simulating 
performance in one particular application, 
t'ftnufaeturer "R ,T Tubes show much mailer per- 
centage onunro i' both str io oharactcrist ! rn 
and power output than Vapufacturer 
While no definite value of tube life was 
obtained for either manufacturer 1 fi tubes, it 
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1b highly probable that Fiuuifsoturor w !’* 
Tul'^s will outlive i*«uu <>,fft;ur*or " C v! tntbeo, 
till pie r>«thod 1* apparent frow the 
results of these oxpar intent « by which the 
nsrarftB’-r -easured on static tests can h« 
used to predict changes in character isticis 
which nay result front tube operation. 
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